Knechtle, Beat; Nikolaidis, Pantelis T; Rosemann, Thomas; Rüst, Christoph A Abstract: We investigated trends in participation, performance and sex difference in performance in 3000 m freestyle in age groups swimmers (25-29 to 85-89 years) competing in the Fédération Internationale de Natation World Masters Championships between 1992 and 2014. During this period, participation increased in women and men. Women and men improved race times across years in all age groups. Women were slower in age groups 25-29 to 70-74 years. In age groups 75-79 and 85-89 years, however, race times were similar for both women and men. Sex difference in performance remained unchanged across years. In summary, performance improved across years in all age groups, men were faster than women up to the age group 70-74 years and women were not able to reduce the sex difference in performance to men across years. For athletes and coaches, an increase in participation and a continuous improvement in performance can be expected in these age group athletes. 
Introduction
Open-water ultra-distance swimming has a long history with the first crossing of the 'English Channel' (Eichenberger et al., 2012) . Today, open-water swimming is held in the sea , Knechtle, Rosemann, & Rüst, 2015 , in large lakes and also, since 2000 as a part of the FINA (Fédération Internationale de Natation) World Cup (Zingg, Rüst, Rosemann, Lepers, & Knechtle, 2014a) .
The performance of elite open-water swimmers competing at world class level is well investigated (Vogt, Rüst, Rosemann, Lepers, & Knechtle, 2013 , Zingg, Rüst, Rosemann, Lepers, & Knechtle, 2014b . However, performance of age group open-water swimmers competing in different age groups at world class level is not known. For age-group pool swimmers aged 25-29 to 85-89 years and competing in FINA World Masters Championships between 1986 and 2014 participation increased from 1986 to 2014 in women and men in older age groups (i.e., 40 years and older), women and men improved across time performance in all distances, and women were not slower compared to men in age groups 80-84 to 85-89 years (Knechtle, Nikolaidis, König, Rosemann, and Rüst, 2016) .
In elite open-water swimmers competing in the 10 km FINA competitions between 2008 and 2012, swimming performances and sex differences in performance remained stable for the fastest elite open-water swimmers (Vogt, Rüst, Rosemann, Lepers, & Knechtle, 2013) .
Female long-distance swimmers competing in FINA World Cup races between 2000 and 2012 improved in 10 km but impaired in 5 and 25 km, whereas men only impaired in 5 km (Zingg, Rüst, Rosemann, Lepers, & Knechtle, 2014b) .
The aim of the present study was to investigate trends in performance and sex difference in performance in age groups swimmers competing in the in the FINA World Masters Championships between 1992 and 2014 in 3000 m freestyle open-water swimming.
Materials and Methods

Ethics
This study was approved by the Institutional Review Board of St. Gallen, Switzerland, with waiver of the requirement for informed consent given that the study involved the analysis of publicly available data.
Data sampling and data analysis
All data were obtained from the official and publicly accessible FINA website 
Statistical analysis
The men-to-women ratio was calculated with all men and all women for each age group and the trend in the ratio across age groups was analyzed using single linear regression analysis.
Trends in participation across years were also analysed using single linear regression analysis.
To analyse changes in performance, a mixed-effects regression model with finisher as random variable to consider finishers who completed several races was used. We included sex and calendar year as fixed variables. Sex difference (%) was calculated using the equation ( Significance was accepted at p<0.05 (two-sided for t-tests). Data in the text and tables are given as mean ± standard deviation (SD).
Results
Participation trends
Between 1992 and 2014, a total of 7,597 successful finishers (2,829 women and 4,768 men) were recorded in age groups 25-29 to 85-89 years. Participation increased significantly in age groups 25-29 to 80-84 years in both women and men (p=0.01 to p<0.0001) (Figure 1) . No race was held in 1994. The highest numbers of swimmers were recorded in 2012. While in the first edition in 1992 the oldest swimmers were recorded for women in age group 70-74 years and for men in 75-79 years, the first swimmers in the oldest age group 85-89 year were successful in 2012 in men and in 2014 in women. In both men and women, the highest increase in the number of swimmers across years was found in age group 50-54 years. For age groups 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84 and 85-89 years, the number of swimmers increased by 34, 43, 53 ,44, 54, 63, 40, 35, 24 , 2, 9, 2, and 2, respectively. For women, the numbers were 20, 46, 38, 37, 42, 72, 53, 21, 18, 5, 7 and 0, respectively.
Performance trends
Women and men improved race times across years in all age groups from 25-29 to 85-89 years ( Figure 2 and Table 1 ). Women were slower in age groups 25-29 to 70-74 years. In age groups 75-79 and 85-89 years, however, race times were similar for both women and men (Table 1) . The men-to-women ratio increased across age groups (r 2 =0.67, p=0.0011) from 25-29 to 85-89 years. For age groups 25-29 to 70-74 years, the men-to-women ratio increased also (r 2 =0.73, p=0.0018).
Sex difference in performance
Between 1992 and 2014, the sex difference in performance remained unchanged for all age groups from 25-29 to 85-89 years (Table 2) .
Discussion
The aim of the present study was to investigate trends in performance and sex difference in performance in age groups swimmers competing in the in the FINA World Masters
Championships between 1992 and 2014 in 3000 m freestyle open-water swimming. The most important findings were, (i), participation increased in all female and male age groups, (ii), performance improved in all age groups across years, (iii), men were faster than women up to age group 70-74 years and, (iv), no sex difference in performance was observed.
Participation increased in women and men in all age groups
A first important finding was that participation increased for both women and men. A very similar increase in participation has been reported for age group swimmers competing in indoor freestyle swimming at the FINA World Masters Championships held between 1986
and 2014 where participation increased in women and men in older age groups (i.e., 40 years and older) (Knechtle, Nikolaidis, König, Rosemann, and Rüst, 2016) .
The most likely explanation for the increase in participation could be the increase in life expectancy in the last decades (Manton & Vaupel 1995 , Murray & Lopez 1997 , Vaupel et al. 1998 , Vernay, Bonaldi, & Grémy, 2015 . Nowadays, an increasing number of elderly women and men reach higher ages with a better overall functioning (Christensen et al. 2013 A potential explanation that these elderly swimmers improved performance could be their training. Life-long exercise is associated with a favorable body composition (Hayes et al. 2013 ) and a higher level of physical activity is associated with a higher skeletal muscle mass (Raguso et al. 2006) . For older master swimmer aged 52-82 years, it has been shown that training distance was an important factor for maintaining muscle mass and function in the aging process (Abe, Kojima, & Stager, 2014) . A study investigating French master swimmers showed positive health outcomes in terms of weight management, respiratory function, and vitality due to their race preparation (Potdevin, Vanlerberghe, Zunquin, Pezé, & Theunynck, 2015) . Positive health outcomes were higher for female master swimmers in terms of weight management, respiratory function, and vitality (Potdevin, Vanlerberghe, Zunquin, Pezé, & Theunynck, 2015) .
The 3,000m swimming race, lasting ~40-140 min depending on sex, age and year, is very demanding from a physiological perspective. According to its duration and intensity, it is considered that it taxes mainly the aerobic energy transfer system, which relies on the utilization of glycogen and fatty acids stores of human body. Considering these metabolic demands, an optimal nutrition has been demonstrated to improve endurance performance (Jeukendrup, 2011) . In addition to the advancement of sport and nutrition science that 
Similar performance in women and men in age groups 75-79 and 85-89 years
A third important finding was that men were faster than women until the age of 74 years, but not in age groups 75-79 and 85-89 years. This result is based upon very small numbers of female and male swimmers and the small number of female and male athletes up to the age of 90 years might be a very likely explanation for this finding. The men-to-women ratio increased from 25-29 to 80-89 years. In other terms, the number of women increased across age groups from 25-29 to 80-89 years relative to men.
This finding might also be explained by anthropometric differences in elderly people since there are differences between the sexes regarding an age-related loss in skeletal muscle mass.
The loss in skeletal muscle mass with advance age seems to be higher in men compared to women and to increase in men with increasing age. In people at the age of 60 years and older, the prevalence of sarcopenia was ~30% in women and ~45% in men (Kyle et al. 2001) . In people older than 80 years, the prevalence was ~31% in women and ~53% in men (IannuzziSucich, Prestwood, & Kenny, 2002) . In women and men between 68 and 78 years, the rate of loss in leg muscle was significantly higher in men than in women (Zamboni et al., 2003) .
There are also differences between women and men for fat-free mass with increasing age. Fatfree mass remained stable up to 60 years of age in men and was lower at 75 years of age compared with the younger ages. In women, fat free mass was lower from age 60 (Larsson et al., 2015) . Men older than 70 years lose significantly more fat-free mass than women (Fantin et al., 2007) . Fat-free mass index decreases with age in both women and men but remains constant among the women with only a 1% decrease up to age 84 years (Seino et al., 2015) .
The findings for these 3000m freestyle swimmers differ from recent findings of Senefeld et al. (2015) investigating finishing times of the top ten men and women world record performances between 25 and 89 years of age for 50m to 1500m freestyle. In their study, men were faster than women in freestyle swimming across all age groups, world record places and distances (Senefeld et al., 2015) . The most likely explanation for these disparate findings are that Senefeld et al. (2015) considered top ten women and men world record performances until the age of 89 years while we considered all finishers at the FINA World Masters Championships until the age of 99 years and without selection of the top athletes. Furthermore, Senefeld et al. (2015) considered freestyle pool swimmers up to a distance of 1500m while we analyzed open-water swimmers competing in 3000m.
No change in sex difference in performance across years
A third important finding was that women were not able to reduce the gap in performance to men across years. Our findings differ from the findings of Senefeld et al. (2015) . In their study, the sex difference in freestyle swimming speed increased with advanced age from 8.5±2.9% for the 25-29-year olds to 20.3±3.5% for the 85-89-year-olds (Senefeld et al. 2015) . The average sex difference in freestyle swimming speed increased linearly across age groups until the age ~60 years, where the sex difference increased more rapidly between age groups (Senefeld et al., 2015) . The most likely explanation is that we considered all successful finishers in the FINA World Masters Championships without a selection of the ten fastest whereas Senefeld et al. (2015) considered the world record performances of the ten fastest.
The results from these age group open-water swimmers also differ from actual reports for age group freestyle swimmers competing in indoor races from 50m to 800m (Knechtle, Nikolaidis, König, Rosemann, and Rüst, 2016) . In 50m, 100m and 200m, women reduced the sex difference in performance in age groups 30-34 to 75-79 years. In 400m, women reduced the gap to men in age groups 40-44, 45-49 and 55-59 years. In 800m, the sex difference became reduced in age groups 55-59 and 70-74 years. A potential explanation could be the shorter time frame for the present swimmers compared to 1986-2014 for the pool swimmers). Furthermore, the smaller number in swimmers in the present sample (7, 597 swimmers) compared to the 65,584 swimmers for the five distances from 50m to 800m in the pool swimmers.
Limitations
A limitation of this study is that anthropometric characteristics and training of these athletes are not considered (VanHeest, Mahoney, & Herr, 2004) . It has been reported for longdistance open-water swimmers that body height, Body Mass Index, length of arm, and swimming speed during training were related to race time in men and swimming speed during training in women (Knechtle, Baumann, Knechtle, & Rosemann, 2010 
Practical implications
For athletes and coaches, the number of age group swimmers increased across years where the oldest swimmers (85-89 years) competed for the first time in 2012 in men and 2014 in women. We may expect that swimmers older than 90 years will soon be able to compete in this distance. Furthermore, we expect that these age group swimmers will reduce their performance continuously in the future. Coaches of elderly swimmers will need to prepare specific programs for nutrition and training.
Conclusions
In age groups swimmers (25-29 to 85-89 years) competing in 3000 m freestyle open-water swimming in the FINA World Masters Championships between 1992 and 2014, participation increased for women and men in all age groups, performance improved in all age groups across years, men were faster than women up to age group 70-74 years and, women were not able to reduce the sex difference to men. Future studies might investigate anthropometric characteristics of female and male age group swimmers to explain the finding that men were not faster compared to women in age groups swimmers from 75 to 89 years. We may expect in the near future a future increase in participation and a continuous improvement in performance in these age group athletes.
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